We previously found an association between faster CD4 þ T-cell recovery in HIV-infected patients receiving combination antiretroviral therapy (cART) and interleukin-7 receptor-a (IL-7Ra) haplotype-2 in a predominantly Caucasian cohort. This study aims to determine whether this association was also significant in Africans. Patients were recruited from the Uganda AIDS Rural Treatment Outcomes (UARTO) cohort (n ¼ 352). We used survival analysis and linear mixed modelling (LMM) to determine factors associated with CD4 T-cell recovery. Eight IL-7Ra single-nucleotide polymorphisms (SNPs) were genotyped in both Africans and Caucasians (n ¼ 57). Soluble (s)IL-7Ra levels were measured by ELISA. In UARTO, IL-7Ra haplotype-2 was associated with slower CD4 T-cell recovery following cART by using survival analysis (P ¼ 0.020) and no association was found with LMM (P ¼ 0.958). The tagging-SNP for IL-7Ra haplotype-2 (rs6897932) was associated with decreased sIL-7Ra (Po0.001). The haplotypes for the IL-7Ra were significantly different in Africans and Caucasians. Using IL-7Ra genotypes we found slower CD4 T-cell recovery in UARTO patients was still associated with rs6897932 (P ¼ 0.009) and rs3194051 was associated with faster CD4 T-cell recovery (P ¼ 0.006). Unlike Caucasians, we did not demonstrate a significant association between IL-7Ra haplotype 2 and faster CD4 T-cell recovery in Africans. The IL-7Ra SNPs associated with CD4 T-cell recovery following cART differ in African and Caucasian cohorts.
Introduction
Immune reconstitution following suppressive combination antiretroviral therapy (cART) is heterogeneous, and although most patients experience a significant increase in CD4 T-cell counts, many patients fail to achieve counts above 500 cells ml À1 even with prolonged treatment. [1] [2] [3] These patients remain at increased risk of non-AIDS-related illnesses and mortality despite years of suppressive cART. [4] [5] [6] Clinical or genetic factors that may predict impaired CD4 T-cell recovery could potentially be used to identify patients who would benefit from earlier initiation of cART.
Interleukin-7 (IL-7) is a non-redundant cytokine, which is required for the generation of new T-cells from the thymus 7 and for the survival of existing T-cells in circulation. 8 IL-7 binds to the dimerized receptors of IL-7 receptor-a (IL-7Ra) (CD127) and the g-chain receptor (CD132) to exert its effect. The IL-7Ra is also found in soluble (s) form, as sIL-7Ra in plasma, and is produced as a result of splicing exon-6 from the IL-7Ra gene mRNA. 9 Four common haplotypes of the IL-7Ra gene have been described in Caucasians 10 and found to be associated with differential levels of sIL-7Ra. 11 In HIVinfected patients, although IL-7 levels are elevated, the expression of IL-7Ra on T-cells and signalling through the receptor (measured by STAT-5 phosphorylation) is impaired and only partially corrected with cART. 12, 13 Previous studies have found that impaired IL-7 responsiveness is significantly associated with poor CD4 T-cell recovery following cART. 14, 15 Various clinical factors have been associated with impaired CD4 T-cell reconstitution following cART, including lower CD4 T-cell counts at initiation of cART, [16] [17] [18] [19] being older at cART initiation 1, 17, 19, 20 and higher levels of immune activation both before and while on cART as measured by T-cell activation markers (such as human leukocyte antigen (HLA)-DR þ CD38 þ expression). [21] [22] [23] [24] Multiple host genetic factors have also been found to influence CD4 T-cell recovery. [25] [26] [27] [28] [29] [30] [31] We recently demonstrated by using a multivariable model that IL-7Ra haplotype-2 was a significant predictor of more rapid CD4 T-cell recovery following suppressive cART in an Australian-based largely Caucasian HIVinfected cohort. 22 Consistent with observations in haplotype-2 carriers in HIV-uninfected cohorts, 9, 11, 32, 33 we found that HIV-infected patients who were homozygous for haplotype-2 had significantly lower concentrations of sIL-7Ra compared with non-haplotype-2 carriers. 22 We therefore proposed that the reduced sIL-7Ra levels in haplotype-2 carriers may increase the availability of IL-7 to bind to membrane-bound IL-7Ra on T-cells, leading to faster CD4 T-cell recovery.
Our main goal in this study was to determine whether a similar relationship could be detected between IL-7Ra haplotype-2 and faster CD4 T-cell recovery in an independent African cohort. In addition, we compared IL-7Ra genotypes from SNPs across the gene for their association with CD4 T-cell recovery and sIL-7Ra levels in African and Caucasian HIV-infected patients.
Results
Patient characteristics and IL-7Ra haplotype-2 Patients receiving suppressive cART were selected from the Uganda AIDS Rural Treatment Outcomes (UARTO) cohort. UARTO is a prospective observational cohort of HIV-infected patients receiving clinical care at the Immune Suppression Syndrome (ISS) Clinic in Mbarara who were recruited prior to cART initiation. 34 Three hundred and fifty-nine patients fulfilled the inclusion criteria. Seven patients were excluded as they did not have baseline HIV RNA. The demographic and clinical details of these patients are shown in Table 1 . The frequency of the SNP rs6897932 (C/T), which tags haplotype-2 in Caucasian patients, was found to be 9.6% in the UARTO cohort.
Association between IL-7Ra haplotype-2 and CD4 T-cell recovery following cART To test whether IL-7Ra haplotype-2 was associated with shorter time to CD44500 cells ml À1 following cART in the UARTO patients, we performed a multivariable Cox proportional hazard analysis, assessing haplotype association with the time taken to achieve the first of two consecutive CD4 T-cell counts 4500 cells ml
À1
. This was the same analysis approach that we had previously used in our study of Caucasian patients. 22 In the UARTO cohort, the median duration of follow up was 2.3 years (inter-quartile range 1.2-2.9). At 3 years, an estimated 6.4% (95% confidence interval (CI): 5.2-7.8%) of participants had achieved two successive CD4 T-cell counts 4500 cells ml
. In unadjusted analyses, there was no association between participants carrying at least one copy of IL7Ra haplotype-2 and time to two successive CD4 T-cell counts 4500 cells ml À1 (hazards ratio: 0.55, 95% CI: 0.26-1.19, P ¼ 0.127). After adjustment for pre-treatment CD4 and CD8 T-cell count, baseline HIV RNA, age, gender and calendar year of cART initiation, carriage of IL-7Ra haplotype-2 as compared with non-haplotype-2 in UARTO was significantly associated with slower time to CD4 T-cell counts 4500 cells ml À1 (AHR: 0.40, 95% CI: 0.18-0.87, P ¼ 0.020). Clinical factors that were found to be significantly associated with faster CD4 T-cell recovery in the UARTO patients were higher baseline CD4 T-cell counts (AHR: 2.93, 95% CI: 2.43-3.53, Po0.001), younger age at cART initiation (AHR: 0.94, 95% CI: 0.91-0.97, Po0.001) and cART initiation at an earlier calendar year (AHR: 0.74, 95% CI: 0.57-0.95, P ¼ 0.017) ( Table 2) .
We also used linear mixed-effects modelling (LMM) to assess CD4 T-cell recovery. Using LMM we found that greater increases in CD4 T-cells were significantly associated with higher baseline CD4 T-cell counts, younger age at cART initiation and earlier calendar year of cART initiation (data not shown); however, there was no evidence to suggest that haplotype-2 modified the slope of CD4 T-cell recovery after 3 months of cART in the multivariable model (b-coefficient: À0.03; 95% CI: À1.02-0.96, P ¼ 0.958) or the slope of early CD4 recovery (baseline-3 months) (b-coefficient ¼ À0.54; 95% CI: À1.50-0.43, P ¼ 0.277).
IL-7Ra haplotypes are different in Africans and Caucasians
Given the lack of an association between IL-7Ra haplotype-2 and faster CD4 T-cell recovery in this study, which was in contrast to our prior findings in a Caucasian cohort, 22 and given that Africans are known to have shorter and more varied haplotypes, 35 we next determined whether other IL-7Ra SNPs or their haplotypes were associated with rate of recovery of CD4 T-cells in the UARTO cohort. The role of SNPs in the a-chain of the IL-7Ra in CD4 þ T-cell recovery R Rajasuriar et al
We first genotyped eight SNPs in the IL-7Ra gene in the UARTO cohort as well as in predominantly Caucasian HIV-infected patients recruited at the Alfred hospital in Melbourne, Australia (n ¼ 57). Two of these SNPs (rs11567685 and rs11567686) were in the promoter region, and were used in our original study, 22 because they tagged haplotypes across the gene in Caucasians. One SNP was in exon-6 (rs6897932), the functionally significant SNP that regulates the splicing of exon-6 and tags haplotype-2. We also genotyped five additional coding region SNPs in the UARTO cohort (n ¼ 352) flanking the exon-6 SNP and potentially altering exon-6 splicing.
Unlike the Alfred patients, the SNPs in the promoter region were not in linkage disequilibrium (LD) with the SNPs flanking exon-6 in the UARTO patients. The SNPs in the coding region defined shortened haplotypes 1, 2 and 3 in both Alfred and UARTO patients (Figure 1 ). The minor allele at rs3194051, which tagged haplotype-4 in the Alfred patients, was split over three haplotypes in the UARTO patients. Therefore, the SNPs used to tag IL-7Ra haplotypes in Caucasians defined different haplotypes in Africans.
We next re-examined the association between IL-7Ra genotype (rather than the allele) and CD4 T-cell recovery.
Using survival analysis, we confirmed our earlier findings that the rs6897932 SNP (CT versus CC) that tagged IL-7Ra haplotype-2 was associated with slower CD4 T-cell recovery (AHR: 0.33, 95% CI: 0.14-0.76, P ¼ 0.009). We also found that patients homozygous for the minor allele-G at rs3194051 were associated with faster CD4 T-cell recovery to 500 cells ml À1 (GG versus AA; AHR: 3.63, 95% CI: 1.45-9.07, P ¼ 0.006; Table 3 ). Neither of these SNPs were significantly associated with CD4 T-cell recovery by using LMM (data not shown).
Taken together, these data demonstrate that the difference in genotype and haplotypes for the IL-7Ra between Africans and Caucasians did not explain the different association of haplotype-2 with CD4 T-cell recovery in the two cohorts.
The distribution of the IL-7Ra genotypes and their association with sIL-7Ra levels in the UARTO and Alfred patients Given the different relationship between the rs6897932 SNP (CT versus CC) that tagged IL-7Ra haplotype-2 and CD4 recovery in the UARTO and Alfred patients, we next compared the genotype distribution and the frequency of allele carriage between the UARTO and Alfred patients for the two promoter SNPs and the six IL-7Ra coding- Table 2 Predictors of time taken to achieve the first of two consecutive CD4 T-cell counts 4500 cells ml À1 in UARTO using survival analysis
Variable
Univariate hazards ratio (95% CI) P-value Multivariate hazards ratio (95% CI) P-value The role of SNPs in the a-chain of the IL-7Ra in CD4 þ T-cell recovery R Rajasuriar et al region SNPs (Table 4 ). Allele frequencies were quite different in the UARTO cohort, and four minor alleles at loci rs11567762, rs1494555, rs6897932 and rs11567686 had significantly lower frequencies in UARTO as compared with the Alfred patients (Po0.001 for all).
The association between IL-7Ra genotype and sIL-7Ra levels were also assessed in the two cohorts. We found the SNP at rs6897932 in both cohorts and the SNP at rs987106 in the Alfred patients to be significantly associated with sIL-7Ra levels (Figures 2a and b) . The Insufficient patient numbers in this category.
The role of SNPs in the a-chain of the IL-7Ra in CD4 þ T-cell recovery R Rajasuriar et al T-allele at rs6897932 (which tags the IL-Ra haplotype-2) was associated with significantly lower levels of sIL-7Ra in both UARTO and Alfred patients (Po0.001, respectively), whereas the T-allele at rs987106 was associated with significantly higher sIL-7Ra levels in the Alfred patients (P ¼ 0.009) but not in the UARTO patients (P ¼ 0.107) (Figures 2c and d) . None of the other IL-7Ra genotypes were associated with higher or lower sIL-7Ra levels (data not shown), including the rs3194051 SNP, which was associated with faster CD4 T-cell recovery in the UARTO patients (Figures 2e and f) . Finally, we compared sIL-7Ra levels for a given IL-7Ra genotype between the UARTO and Alfred patients, and found that the mean sIL-7Ra concentration was not significantly different in the minor allele carriers in the two cohorts for all the eight SNPs tested when adjusted for CD4 T-cell counts (data not shown).
Discussion
We assessed if IL-7Ra haplotype-2 was associated with faster CD4 T-cell recovery following suppressive cART as we described previously in a cohort involving predominantly Caucasian HIV-infected patients. We were not able to demonstrate an association between IL-7Ra haplotype-2 and faster CD4 T-cell recovery following cART in this large observational cohort recruited in Uganda by using either survival analysis or LMM. In addition, although there were differences in the IL-7Ra haplotypes in the UARTO and Alfred patients, the tagging SNP that identified haplotype-2 (rs6897932), and also thought to be the functional SNP, was the same in both patient cohorts. Patients with T-allele at rs6897932 had significantly lower sIL-7Ra levels compared with non-T allele carriers, as we found in a predominantly Caucasian cohort.
We found that there was a greater degree of recombination in the IL-7Ra gene in UARTO patients as compared with Caucasians, as commonly reported in African populations. 35 There were also significant differences in the population distribution of SNPs and haplotype (largely involving rs11567762, rs1494555, rs6897932 and rs11567686), consistent with the ethnic differences for these minor allele frequencies reported in other sub-Saharan African populations (Nigerians and Kenyans) in HapMap. This is the first report of the rs11567686 minor allele frequency in Africans.
Despite similar associations between soluble IL-7Ra and the IL-7Ra SNPs in the Alfred and UARTO patients, we did not find the same genetic association between the IL-7Ra SNP rs6897932, which tags haplotype-2, and the time to CD4 T-cells 4500 cells ml
À1
in the UARTO patients as described previously in Caucasian patients. 22 The reason for this difference is currently unclear. Given the greater degree of recombination in the IL-7Ra gene seen in the UARTO patients as compared with Caucasians, it is possible that the rs6897932 SNP may be in LD with SNPs mediating other changes (not restricted to sIL7Ra levels), which may have a different influence on CD4 T-cell recovery following cART in Africans. Another interpretation of the different findings in Caucasians and Africans could be that our initial findings in the Caucasian cohort may not have been related to levels of sIL-7Ra but could have been due to other SNPs in LD with rs6897932, which may have had an influence on CD4 T-cell recovery. This is of course possible but we believe this is less likely given the clear relationship in vitro between sIL-7Ra levels and IL-7 function in primary T-cells, 36, 37 and that sIL-7Ra has a binding affinity similar to membrane-bound IL-7Ra on T-cells. 38 Finding the opposite association between genotype and phenotype in replicate genetic studies has been described previously as a 'flip-flop phenomenon,' 39 and is commonly reported in genetic association studies across different ethnic groups. [40] [41] [42] This may occur because of differences in LD between the variant genotyped and the true causal SNP, differences in haplotype frequencies or The role of SNPs in the a-chain of the IL-7Ra in CD4 þ T-cell recovery R Rajasuriar et al differences in the frequency of modifying genes that interact with the causal variant across the different populations studied. 39 There may be other interpretations of our findings of different genetic associations in the UARTO and Caucasian patients in our prior study. First, there may have been significant differences in the immunological characteristics of the UARTO patients as compared with the Caucasian patients, which may have altered the relationship between the IL-7Ra genotype, sIL-7Ra levels and time to CD4 T-cell 4500 cells ml À1 in the two cohorts, even though we used identical inclusion criteria. The patients in our previous study based in Australia were less immunosuppressed at cART initiation (median ) and had received suppressive cART for a longer duration (median (inter-quartile range) in Caucasians. 22 versus UARTO: 4 (2.6-7.2) versus 2.3 (1.2-2.9) years). Second, recovery of CD4 T-cell subsets following cART may be persistently skewed in patients starting cART at low CD4 T-cell nadir with lower naïve and higher effector T-cell subsets compared with patients starting therapy at higher CD4 T-cell counts. 43, 44 Given that IL-7Ra is expressed at higher levels on naïve T-cells than effector cells, 12 a change in the relative numbers of these subsets in patients starting cART at a lower CD4 T-cell count could potentially lead to a reduced influence Figure 2 Association between three IL-7Ra SNPs (rs6897932, rs987106 and rs3194051) and sIL-7Ra levels in the Alfred and UARTO patients. Concentration of sIL-7Ra were square root-transformed and compared across the three genotypes for the SNP rs6897932 in (a) the Alfred and (b) UARTO patients; SNP rs987106 in the (c) Alfred and (d) UARTO patients; and SNP rs3194051 in the (e) Alfred and (f) UARTO patients. Comparisons across three genotypes were performed by using ANOVA* or t-test** when only two groups were available, followed by a posthoc test (Dunnett's T3 # ). Only significant P-values are shown. Soluble IL-7Ra values were back transformed in the plots and the horizontal lines represent the mean sIL-7Ra concentration for each genotype.
The role of SNPs in the a-chain of the IL-7Ra in CD4 þ T-cell recovery R Rajasuriar et al of sIL-7Ra and IL-7 in driving CD4 T-cell recovery. Third, immune activation (largely measured as increased expression of CD38 þ and HLA-DR þ on T-cells) has also been shown to be inversely correlated with IL-7Ra expression on CD4 T-cells in HIV-infected patients, 45, 46 and immune activation has a negative impact on CD4 T-cell recovery.
47-49
Although we did not compare the immune activation levels in the UARTO and Caucasian patients, numerous studies have described a higher degree of immune activation both in HIVuninfected [50] [51] [52] [53] [54] and HIV-infected African patients 53-56 as compared with patients from high-income countries owing to differences in the environment 52 and prevalence of other co-infections. 51 The combined effects of poorer CD4 T-cell gain owing to increased T-cell activation and a reduced expression of IL-7Ra on T-cells may potentially negate any beneficial effects of increased IL-7 availability.
We found that homozygous carriers of the G-allele at rs3194051 experienced faster time to CD4 T-cell 4500 cells ml À1 compared with homozygous carriers of the A-allele in the UARTO patients by using survival analysis, but there was no significant association by using LMM. There was no difference in the sIL-7Ra concentration in carriers of this SNP (Figure 2f ). This SNP tags haplotype-4 in the Caucasian patients but not in the UARTO patients. In Caucasians, haplotype-4 has been associated with increased expression of IL-7Ra on T-cells and an increased percentage of CD31 þ naïve T-cells in both patients with multiple sclerosis and controls. 57 This haplotype has also been associated with reduced upregulation of IL-7Ra measured in whole blood in response to interferon-b stimulation as compared with non-haplotype-4 carriers. 58 The relevance of these haplotype-4-associated immunophenotypes in influencing the time to CD4 T-cell 4500 cells ml À1 in Africans carrying the minor G-allele at rs3194051 is currently unknown, but it is unlikely to be related to differences in the levels of sIL-7Ra.
We used two separate strategies to assess CD4 T-cell recovery-survival analysis and the more commonly used LMM. 1, 59 We found that the identical clinical parameters were associated with increased rate of CD4 T-cell recovery by using both approaches and were consistent with other observational studies of CD4 T-cell recovery after cART. 2, 16 It is important to note however, that this study was designed to replicate our previous study of Caucasians 22 where we had previously used a survival analysis approach. However, in this study of the UARTO patients, there was a much lower frequency of patients achieving the event (that is, CD4 T-cells 4500cells ml
À1
) as compared with the Caucasians in our prior study 22 (15 versus 80% respectively) and this may have led to over-fitting of the Cox model. The advantage of LMM is that it measures the rate of CD4 T-cell recovery and is not affected by the limited number of patients achieving CD4 T-cells 4500cells ml
. Given our findings in the UARTO patients by using survival analysis and LMM, we went back to analyse the data from our previous Caucasian cohort 22 by using LMM and confirmed that haplotype-2 carriers were still associated with faster CD4 T-cell recovery (data not shown). Although survival analysis and LMM identified different associations of haplotype-2 in the UARTO patients, neither approach identified a significant correlation with faster CD4 T-cell recovery as we had demonstrated previously in a predominantly Caucasian cohort. 22 Two SNPs were associated with different concentrations of sIL-7Ra. In both the Alfred and UARTO cohorts, the T-allele at locus rs6897932 was associated with lower sIL-7Ra levels compared with the C-allele. This association has been shown previously in Caucasian cohorts, 11, 22 and rs6897932 is thought to be the functional SNP altering the splicing and production of soluble IL7Ra. 9, 32 Our findings are the first description of a significant association between sIL-7Ra levels and the SNP at rs6897932 in Africans.
The second association found in this study between rs987106 and soluble IL-7Ra levels has not been described previously in either population. The Alfred patients carrying the T-allele at this locus had significantly higher sIL-7Ra levels compared with patients carrying the A-allele. In prior case-control studies involving Nordic patients, carriers of the T-allele at this locus had an increased risk of multiple sclerosis, 60, 61 although replicate studies of multiple sclerosis patients from the United States did not find a similar association. 32 We did not find a relationship between the rs987106 SNP and sIL-7Ra levels in the UARTO patients. The lack of association however was not due to differences in the concentration of sIL-7Ra in T-allele (minor allele) carriers in the two groups, but rather due to a lower sIL-7Ra level in the A-allele (major allele) carriers in the Alfred patients as compared with the UARTO patients (Figures 2c and d ). There were a higher percentage of A-allele carriers at rs987106 in the Alfred patients who also carried the T-alleles at rs6897932 as compared with the UARTO patients (53 versus 25%). Therefore, the reduced sIL-7Ra levels among the carriers of the A-allele at rs987106 in the Alfred patients might be an effect mainly driven by the co-carriage of the T-alleles at rs6897932, which would have had a smaller influence on the sIL7Ra levels measured in the A-allele carriers from the UARTO cohort. Therefore, it is still unclear if the rs987106 SNP is significantly associated with sIL-7Ra levels, and future studies in other cohorts will help confirm this.
We also compared the sIL-7Ra concentration in the minor allele carriers in both the Alfred and UARTO patients for all eight loci. After adjustments for differences in CD4 T-cell counts at sampling in the two cohorts, all SNPs were associated with similar sIL-7Ra levels. These data suggest that all the IL-7Ra SNPs tested in this study had similar effects on the sIL-7Ra levels in both Africans and Caucasians.
There were a few important limitations to our study. First, the duration of follow-up in the UARTO cohort was shorter than the follow-up duration in our prior study. 22 As we do not know the exact mechanism of how sIL-7Ra influences CD4 T-cell recovery and if the effects on T-cell homeostasis may be apparent both in the early and late phases of CD4 T-cell recovery, we are uncertain how the difference in the duration of follow-up may have affected the results. Second, we were not able to assess markers of immune activation or the expression of IL-7Ra on T-cell subsets in the UARTO and Caucasian cohorts. Characterizing the immunological differences in the two cohorts would have provided some insight into the possible reasons for the difference in association
The role of SNPs in the a-chain of the IL-7Ra in CD4 þ T-cell recoverybetween IL-7Ra haplotype-2 and time to CD4 T-cell 4500 cells ml À1 in the two cohorts, and possibly a better understanding of the underlying mechanism for this association. Future work assessing the association between IL-7Ra haplotype-2 and CD4 T-cell recovery in HIV-infected patients should include an assessment of these immunological parameters.
In summary, we found that IL-7Ra haplotype-2 was not associated with faster CD4 T-cell recovery after cART in the UARTO cohort and this was contrary to our findings in Caucasians. The difference in association was not explained by a different relationship between IL-7Ra genotype and sIL-7Ra levels in the UARTO patients and Caucasians. Other factors that may potentially explain these findings include other genetic factors not tested in this study, differences in the degree of immunosuppression prior to cART or differences in environmental factors. The relationship between IL-7Ra haplotype-2 and CD4 T-cell recovery warrants further confirmation in an independent Caucasian cohort.
Materials and methods

Study population
Patients were recruited from the Uganda AIDS Rural Treatment Outcomes (UARTO) cohort just prior to cART initiation and were observed at 3-monthly intervals in addition to their routine clinical care. HIV RNA level and CD4 T-cell count were assessed at each visit. At recruitment all patients provided written informed consent for plasma, buffy coat and saliva samples to be stored for future use, including genetic testing, and no additional ethical approval was required to perform this study.
Patient selection
From this cohort of 500 patients, we selected patients who fulfilled the following inclusion criteria: patients aged at least 18 years, first cART regimen consisting of combination cART (defined as at least three antiretroviral drugs), cART commenced at CD4 T-cell counts o500 cells ml À1 and patients achieved undetectable viral load (HIV RNA o400 copies per millilitre) by 6 months of cART initiation. Patients were excluded if they received a combination of didanosine and tenofovir as part of their cART regimen.
Demographic and clinical parameters such as cART regimen; date of antiretroviral initiation; and all CD4 Tcell, CD8 T-cell and HIV RNA measures from baseline to the most recent follow-up date were obtained from a centralized database. Observations of CD4 T-cell recovery were censored when patients showed evidence or were likely to have virological rebound (a single viral load 41000 copies per millilitre or two consecutive viral loads 4400 copies per millilitre or confirmed treatment interruption of 42 weeks), or if their virological status was undetermined for a prolonged period (frequency of plasma viral load determinations reduced to o2 per year).
IL-7Ra genotyping and identification of the IL-7Ra haplotypes DNA extraction was performed by using the DNA Blood and Tissue isolation kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer's instructions from cryopreserved buffy coats. The SNP that tagged haplotype-2 in Caucasians, as described previously 10 and shown in Figure 1 , was genotyped.
To compare differences between IL-7Ra genotypes in Africans and Caucasians, 57 patients from a previously described clinic-based cohort in Australia 22 and the UARTO patients were further genotyped for six coding-region SNPs (rs1494555, rs6897932, rs3194051, rs11567762, rs987106 and rs3822731) and two promoterregion SNPs (rs11567685 and rs11567686). All genotyping was performed by using the Sequenom MassARRAY iPLEX platform at the Australian Genome Research Facility.
Genotyping data were analysed for LD by using HaploView 4.2 (ref. 62) (Supplementary Figure 1) . LD blocks were identified by using the confidence interval setting. The data from the HapMap populations were also examined for this gene (Supplementary Figure 2) .
Determination of soluble IL-7Ra levels in plasma Stored plasma samples obtained at any time point after at least 12 months of suppressive cART in the UARTO and Alfred patients were used to measured sIL-7Ra levels by using an ELISA-based assay as described previously. 11 Each sample was tested in duplicate.
Statistical analysis
The association between the IL-7Ra haplotypes and CD4 T-cell recovery was assessed by using two methods: the Cox proportional hazard model was used to assess variables that were associated with the time taken to achieve a clinically relevant CD4 T-cell threshold after cART. The outcome was defined as the time taken to achieve CD4 T-cell counts 4500 cells ml À1 , where the period from baseline to the first of two consecutive time points with CD4 counts 4500 cells ml À1 was considered the time to event. Candidate predictors were identified from univariable analysis (P-value o0.2) and included in the multivariable model where variables with a P-value of o0.05 were considered significant.
Piecewise regression by means of LMM using maximum likelihood estimation was also performed to assess the association between IL-7Ra haplotype-2 and the rate of CD4 T-cell increase at two different time periods (baseline to 3 months and 43 months) after cART initiation. As CD4 T-cell count was significantly skewed, it was square root-transformed to approximate normality. After confirming significantly different trends in the gradient of square root-transformed CD4 T-cell count before and after 3 months of cART, mixed-effects modelling was used to assess the association between clinical parameters and IL-7Ra haplotype/genotype with the CD4 T-cell gradient for each time period separately.
Differences between the distribution of the IL-7Ra genotypes in the UARTO and Alfred patients were assessed by using w 2 /Fishers exact test. The association between the IL-7Ra genotypes and sIL-7Ra levels were tested by using analysis of variance (ANOVA) (with post-hoc Dunnett's T3 test)/t-test. A linear regression analysis was also used to adjust for differences in CD4 T-cell counts in the Alfred and UARTO patients when comparing the sIL-7Ra levels in the two groups. sIL-7Ra levels were square root-transformed for these analyses and a P-value o0.05 was considered significant.
The role of SNPs in the a-chain of the IL-7Ra in CD4 þ T-cell recoveryAll analyses were performed by using Stata version 11.0 (StataCorp, College Station, TX, USA).
